The conversion of apical meristem from the vegetative to the reproductive state involves two main aspects: (1) the transition from vegetative to generative development ( induction and initiation); and (2) differentiation (organogenesis), maturation, and growth of the floral parts up to anthesis. In Allium species, physiological age and ecological background regulate the transition to the reproductive state. Species evolution and adaptation to environmental conditions in natural habitats greatly affect the process of floral induction. In bulbs with a thermoperiodic cycle, originating from the Irano-Turanian and Mediterranean regions, transition to florogenesis proceeds at re latively high temperatures during the growth period of the parent plant or during intrabulb developmental period. However, for further development, these species require a period of low temperatures. In species from temperate zones (Europe, Siberia), trans ition to florogenesis may occur during the growing stage and is affected by photoperiod and temperature. The subsequent stages of florogenesis (differentiation, scape elongation, floral development and anthesis) require a precise sequence of environmental conditions and, especially, temperature. In general, this sequence of environmental factors reflects the adaptation of the species to intrinsic conditions in their natural habitats and has to be taken into consideration during Allium growing and forcing.
INTRODUCTION
Recently, Allium species have become popular in rock gardens, herbaceous beds and perennial borders, especially for spring and summer blooming. In addition, these plants have been introduced as commercial cut flowers for outdoor cultivation and forcing in greenhouses (De Hertogh and Zimmer, 1993; Bijl, 1995) .
Allium is a very diverse genus, consisting of about 700 species and presenting a vast array of morphological traits. They vary significantly in the morphological organization of the storage organs and life cycle, and accordingly Alliums species were grouped into several biomorphological groups Kamenetsky, 1996a) .
BULBOUS GROUP
Bulbous group includes members of subgenera Allium, Melanocrommyum, and, some members of the subgenus Amerallium. Wild plants of these taxa inhabit mainly steppes, semi-desert and desert areas. The subterranean storage organ consists of a compressed and flattened stem -the basal plate, and the fleshy, succulent leaf bases and/or specialized true scales assume the storage functions (De Mason, 1990; Kamenetsky, 1996a) . In the summer, t he bulbs enter a rest period, and sprouting commences either in the fall, or in the spring . The juvenile period lasts 2-5 years, and post-juvenile plants f lower in the spring. Differentiation of the inflorescence occurs in the base of the youngest leaf during summer/autumn of the previous year 130 ( Kamenetsky, 1997) 
RHIZOMATOUS GROUP
Includes members of the subgenera Rhizirideum and Amerallium, which, in the wild, are confined mainly to mesoxerophytic habitats: in meadows, forests and highmountain zones . The fleshy rhizomes are constructed during successive concrescence of the basal plate through several generations. Bulbs of these species are composed of leaf sheaths of different thickness, and the root system is perennial. Wild rhizomatous species grow continuously, all year round with no apparent dormant stage, and low winter temperatures only slow down this process Cheremushkina, 1985 Cheremushkina, , 1992 . The juvenile period lasts 1-2 years. In post-juvenile plants, flowering occurs late in the spring or in the summer. Differentiation of the inflorescences occurs in the base of the youngest leaf and the number of flowering cycles varies from one to three per season in different species (Kruse, 1992) The complex process of flowering varies between members of the genus Allium, thus biomorphological groups respond to inductive conditions and develop from initiation to bloom in different ways.
TRANSITION FROM THE VEGETATIVE TO THE GENERATIVE STAGE
In many geophytes, florogenesis can be divided into five consecutive steps, including induction, initiation, differentiation (organogenesis), maturation and growth of floral parts, and anthesis (Le Nard and De Hertogh, 1993) .
The induction and initiation of flowering are greatly effected by both the genetic make up of the individual plant and by environmental factors. These interactions affect a series of molecular and biochemical processes with the consequent transition from vegetative to reproductive development (Halevy, 1990; Bernier et al., 1993) .
The duration of the juvenile phase depends on the genetic makeup of the plant and the growth-environment. Both factors control the amount of cumulated reserves necessary for successful blooming (Le Nard and De Hertogh, 1993; Halevy, 1990) . It was suggested, however, that the ability to flower depends not only on the amounts of available reserves but also on the size of apical meristem (Le Nard and De Hertogh, 1993) .
In bulbous Allium species, the ability to flower depends on the amount of reserves (critical mass of the bulb). In general terms, seedlings of bulbous species with small bulbs flower in the second year of development (e.g., A. neapolitanum, A. caeruleum; Fritsch, Gatersleben, 1999, personal communication) , whereas plants with large bulbs (e.g., members of subgenus Melanocrommyum), require 3 -5 years of growth to bloom (De Hertogh and Zimmer, 1993; Kamenetsky, 1994) . Our studies on A. aschersonianum (subg. Melanocrromyum) show that transition of the apical meristem to the reproductive stage occurred already in two years old bulbs. However, these plants are too small to support a normal bloom and therefore the young reproductive bud aborts inside of the bulb. (Kamenetsky et al., 2000) .
In nature, seedlings of the rhizomatous A. senescens branch after emergence to form a primary clump. Growth and branching continue for three to five years, before the vegetative plant reaches the required physiological age (or critical mass) for blooming. Then all shoots become reproductive simultaneously (Cheremuchkina, 1985) .
MORPHOLOGICAL CHANGES DURING FLORAL INITIATION
Juvenile Allium plants exhibit monopodial growth habit, and become sympodial after the formation of the first generative meristem. Thereafter, Allium plants produce renewal bulbs and flower every year. During the vegetative stage, the apical meristem is flat and leaf primordia initiate from the periphery toward center. On transition of the apical meristem from vegetative to generative, a spathe is formed in the apex and leaf initiation ceases. The spathe arises as a nearly uniform ring and the meristem swells to form a dome-shape.
ENVIRONMENTAL CONTROL OF FLOWER INDUCTION AND INITIATION
Bulbous Species of the Subgenus Melanocrommyum, from the Irano-Turanian region (Central Asia, Iran, Afghanistan) (e.g., A. aflatunense=A. hollandicum, A. karataviense, A. altissimum) initiate leaf primordia in the renewal bulb during the flowering of the mother plant. Following the differentiation of 5 -7 leaf primordia, the apical meristem of A. karataviense and A. altissimum becomes latent. No detectable changes occur during 6 -10 weeks, and then floral initiation becomes visible (Kamenetsky, 1997; Kamenetsky and Japarova, 1997) . In A. aflatunenese (=A. hollandicum) transition from vegetative to reproductive phase was observed in all plants grown at 4 to 26°C. The differentiation of the floral meristem occurred at the end of the growth period immediately after the cessation of leaf initiation (Zemah et al., 2001 ). In A. rothii, A. ashersonianum and A. nigrum from the Israeli flora, flowering of the mother plant in February-March is followed by a high temperature induction of a 12-15 weeks latent period of the apical meristem. During July-October, 5 -7 leaf primordia form, and the meristem becomes reproductive without cold induction. When stored at 20-25°C, summer rest becomes considerably shorter and floral initiation occurs in August.
In such a case, plants can be forced to flower two-three months earlier than under ambient Israeli summer (Kamenetsky, 1994; 1997; Kamenetsky et al., 2000) .To the best of our knowledge, photoperiod effect on floral induction in wild species of subgenus Melanocrommyum was not reported.
Bulbous Species of the Subgenus
Amerallium from areas with Mediterranean climate (Mediterranean basin, California) remain vegetative during summer 'rest', when soil temperatures are high. Visible transition of the apex occurs only in t he autumn, when temperatures decrease. Hence, optimum temperature range of 9 -17°C was recorded for floral initiation in members of subgenus Amerallium, including A. unifolium (Kodaira et al., 1996) , A. neapolitanum and A. roseum (Maeda et al., 1994; van Leeuwen and van der Weijden, 1994) .
Bulbous Species A. ampeloprasum and A. sphaerocephalon ( subg. Allium) initiate flowering only in the field, following the formation of 7 -9 green leaves. Growth temperatures of 17-20°C and long days are essential for floral initiation and scape elongation, whereas high field temperatures and short days are not inductive and plants remain vegetative (Berghoef and Zevenbergen, 1992; Kamenetsky, 1996b) .
Experimental data on florogenesis of the rhizomatous species is scarce. Under natural conditions, the renewal bulbs of nine Siberian species were formed in the leaf axils of the parent plants, which remain vegetative during the first and second growing seasons. In the third season, and following the development of 7-10 (A. senescens) or 16-20 leaves ( A. nutans), the renewal bulbs become reproductive (Cheremuchkina, 1985) . Initiation of flowering occurs either in the spring, and is followed immediately by scape elongation and bloom (A. nutans, A. senescens, A. galanthum) or in t he fall, before the harsh winter (A. obliquum) (Cheremuchkina, 1985) .
In Israel, where winters are mild, rhizomatous species such as A. trachyscordum, A. petraeum, A. platyspathum, and A. nutans from Siberia and Kazakhstan, bloom in the spring and summer between May and July without any additional cold treatment (Kamenetsky, 1996b) .
ORGANOGENESIS AND MATURATION OF FLORAL PARTS AND FLORAL STALK ELONGATION
Interaction between storage and growth temperatures plays the most important role in normal scape elongation and flowering of Allium species, although light condition can also affect this process.
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Bulbous Species from the Subg. Melanocrommyum
As in other geophytes (e.g. Tulip), Allium species from the Irano-Turanian region require a long exposure to low temperatures for stem elongation, normal flowering and initiation of the renewal bud(s). Moderate growth temperatures (17) (18) (19) (20) (21) (22) (23) )°C day/9-15°C night) also promote scape elongation ( De Hertogh and Zimmer, 1993; Dosser, 1980; Zemah et al.,1999 , Zemah et al., 2001 Zimmer and Renken, 1984) Daylength has no effect on scape elongation in A. aflatunense (=A. hollandicum) (Zemah et al., 2001) .
A few exceptions are the Melanocrommyum species from Mediterranean such as A. rothii, A. aschersonianum, A. nigrum, which flower without post-differentiation cold treatment, possibly as result of adaptation to local climatic conditions.
Bulbous Species from the Subg. Amerallium
Stem elongation is enhanced by storage temperature of 9-17°C followed by mild temperatures of 10-20°C during growth.
Storage at lower temperatures (2-5°C) or growth at a temperature higher than 20°C accelerates flowering but results also in a lower percentage of flowering plants and short scapes (Kodaira et al., 1996; Maeda et al., 1994; van Leeuwen and van der Weijden, 1994) .
Bulbous Species from the Subg. Allium
During growth and development, A. sphaerocephalon and A. ampeloprasum (local Israeli ornamental variety) require mild temperatures (17-20°C) and long days for normal scape elongation and flowering ( Berghoef and Zevenbregen, 1992; De Hertogh and Zimmer, 1993; Maeda et al., 1994) . Under high growth temperatures and short days, the plants remain vegetative and do not bloom ( A. sphaerocephalon, Berghoef and Zevenbregen, 1992) . Storage temperatures affect floral initiation and flowering percentage but do not influence scape emergence and bloom. Autumn storage at 2, 5 or 9°C reduces the percentage of flowering plants and results in inferior flower quality (A. caeruleum, van Leeuwen and van der Weijden, 1994) .
It was shown for all the species studied that only the appropriate sequence of the environmental conditions, especially temperatures, at the various physiological stages of plant development, leads to normal flowering. In general, this sequence of environmental factors reflects the adaptation of Allium species to the specific conditions of their natural habitats, and has to be taken into consideration during growing and forcing of Allium plants.
